Introduction
Andropogon scoparius Michx. (little bluestem) and A. gerardi Vitman (big bluestem) are among the most dominant and widely distributed of all species of grasses in the North American Tall Grass Prairies. Both are native perennial bunch grasses which are valuable as forage for cattle and are commonly the principal constituents of "wild" hay.
The basic genomic number of the tribe Andropogoneae is generally regarded as ten. The genus Andropogon is primarily comprised of diploid and tetraploid species although hexaploids, octaploids to 18-ploids are also known (Gould 1956 ). This pattern is consistent with Stebbins' (1956) description for a polyploid complex of recent origin. Gould (1956) speculates that allopolyploidy has played a signi -ficant role in the evolution of this genus, since two or more ploidy levels have been established for many of the species.
There is a paucity of literature concerned with the cytogenetics of little and big bluestem. Several authors report 2n=60 for big bluestem (Nielsen 1939 , Church 1940 , Gould 1953 , but there is one account of 2n=40 (Church 1940) . Little bluestem is reported to have a 2n=40 (Hunter 1934 , Church 1940 . Microsporo -genesis in little and big bluestem has briefly been described by Church (1929) and Gould (1956) , respectively. Studies of microsporogenesis in polyploid species of the closely related genus Sorghum reveal numerous chromosomal irregularities attributed to genomic homo logy imbalance (Celarier 1958, Celarier and Mehra 1959) . Similar findings have been reported for polyploid species from several other grass genera (Hill and Hovin 1964 , Jalal and Nielsen 1965 , Newman 1967 , Nielsen and Smith 1968 .
This study was undertaken to establish chromosomal behavior during micro -sporogenesis and to determine the relationship of chromosome irregularities among meiotic stages and with fertility in little and big bluestem.
Populations of little and big bluestem were sampled over a two year period (1970 and 1971) at four native prairie sites located in the Red River Valley in northeastern North Dakota and northwestern Minnesota. Twenty seven little bluestem and 24 big bluestem clones were selected for study from among these populations. At least three panicles from each clone, representing various developmental stages, were collected between late July and late August to include all stages of microsporogenesis. The final collection was made at the initiation of anthesis. Panicles were fixed at the time of collection in a freshly prepared Carnoy's solution and refrigerated for 24 to 48 hours. Subsequently, the fixative was re placed with 70 per cent ethyl alcohol for storage.
Acetocarmine squashes of anthers were used to study microsporogenesis . For each clone, the mean structural chromosome aberration was established for meta phase I (M-I), anaphase-telophase I (AT-I), dyads (Dd), spored pairs (AT-II) and quartets (Qt) based upon the first 50 sporocytes at each developmental stage. Pollen stainability (PST) was based on the IKI (iodine-potassium-iodide) reaction. For each clone, 500 pollen grains were analyzed to establish the percentage stainable pollen and used as a measure of fertility.
Results and discussion
Diakinetic analysis
The modal diploid chromosome number was 40 and 60 for little and big blue stem, respectively, which was consistent with the findings of other investigators . Based on ten sporocytes from three clones, the average little bluestem cell contained 0.4 univalents, 18.6 bivalents and 0.6 quadrivalents (Figs . I and 2). The mean chiasma frequency was 1.88 per bivalent and 36.62 per sporocyte . The average big bluestem sporocyte, based on ten cells from four clones , contained 28.2 bivalents and 0.9 quadrivalents (Figs. 7 and 8). The mean chiasma frequency for this species was 1.77 per bivalent and 53.28 per cell.
Little and big bluestem appeared to be segmental alloploids since each exhibited multivalent associations reflecting partial homology among their respective genomes; however, their progenitors remain unknown. During the course of evolution , homology between similar genomes may be reduced and formation of bivalents restored by the process of diploidization (Stebbins 1956 (Stebbins , 1966 Hill and Carnahan 1963) . The extent of diploidization in little and big bluestem cannot be ascertained from the present data, but obviously the process is incomplete .
Chromosome irregularities during microsporogenesis
Aberrations, due to homology differences between pairing chromosomes , occurred at all meiotic stages of the two species . The predominant ones were un -oriented chromosomes at M-I, lagging chromosomes at AT -I and AT-II, and micronuclei at the Dyad and Quartet stages 9, 10, 12 and 14) . Oc -casionally first and second division inversion bridges (Figs . 11 and 13) and M-I ring configurations resulting from heterozygous reciprocal translocations , were observed. Generally, the percentage of aberrant cells in artificially grown clones of poly -ploid grasses is much higher than here reported for little and big bluestem. Lower incidence in the bluestem species may be attributed to a more typical alloploid origin or to more extensive diploidization. Pollen stainability was higher in both bluestem species compared with earlier estimates. Church (1929) reported that little bluestem pollen was 20 to 30 per cent imperfect and big bluestem 10 to 20 per cent imperfect. Pollen stainability has been widely used as a measure of fertility in polyploid grasses (Kihara 1958).
Interrelationship among meiotic chromosome irregularities and stainable pollen
The frequency of unoriented M-I chromosomes, AT-I and AT-II laggards, Dd and Qt micronuclei, and percentage pollen stainability were correlated with each other for little and big bluestem (Table 2) . Generally, correlations of aber ration frequencies among meiotic stages were positive and significant in both species. This supports the contention that most unoriented chromosomes of meta phase lag in anaphase, which in turn form micronuclei in the Dd and Qt stages. Similar trends have been observed for B. inermis (Hill and Hoven 1964 , Jalal and Nielsen 1965 , LaFleur and Jalal 1972 and Phleum pratense (Nath and Nielsen 1961) .
In little bluestem correlations were generally significant at higher levels between adjacent stages as compared with those more distant. For example, correlation of AT-I laggards with Dd micronuclei was highly significant, between AT-I and AT-II laggards it was significant and with Qt micronuclei only approaching signifi cance. It has been reported for B. inermis that correlation of aberration frequencies between first and second division are generally poorer than within each division (Jalal and Nielson 1965, LaFleur and Jalal 1972) . These trends may be due to the loss of lagging chromosomes, reincorporation of micronuclei into the nucleus or sampling error. Interestingly, this pattern was not apparent in big bluestem where sample size was considerably larger than in little bluestem. It has been suggested that Qt micronuclei could be used as an index of struc tural chromosome aberration levels attributed to genomic homology imbalances (Hill and Hovin 1964 , Wersuhn 1967 , Hill and Carnahan 1963 , LaFleur and Jalal 1972 . The present study supports this contention, as significant positive correla tions occurred between Qt micronuclei and aberration levels of earlier stages in both little (except for correlation with AT-I) and big bluestem.
Correlation coefficients between frequency of aberrations at various meiotic stages with pollen stainability were generally negative and nonsignificant in both species. Therefore, it seems that chromosome aberrations do not influence fertility levels appreciably in populations of these species. Similar patterns and conclu sions have been reported concerning nursery grown species of other polyploid grasses (Nielsen 1955 , Hill and Hovin 1964 , Jalal and Nielsen 1965 . LaFleur and Jalal (1972) , in a study of B. inermis populations from native prairies, reported a significant negative correlation between aberrations and pollen stainability. Ap parently parently fertility in different species of polyploid grasses is affected to different extents by structural aberrations. It has been suggested that various degrees of sterility may also result from genic causes, physiological anomalies or a combination of factors (Jalal and Nielsen 1965) . Furthermore, environmental fluctuations such as temperature, are known to influence pollen sterility (Hill and Hoven 1964, Wersuhn 1967) . Further investigation is necessary to establish the relationship between chromosome aberrations and fertility for different species and different populations of the same species.
Physiological anomalies were observed in both little and big bluestem, but because of their rarity no attempt was made to quantify them. These included asynchronous division of sporad pairs, sticky chromosomes, double metaphase plate formation, globule formation and extreme nonsynchrony of movement be tween genomes. Few investigators have tried to relate such disturbances and plant sterility. However, the accounts available show an inverse relationship between pollen stainability and incidence of physiological disturbances (Jalal and Nielsen 1965, Nielsen and Smith 1968 
